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A distortion compensation apparatus includes a distortion
compensation signal generation unit that performs, on a trans-
mission signal, distortion compensation processing using a
series operation; a coelficient updating unit that updates
series operation coelficients used for the series operation
based on a feedback signal of a power amplification output
which 1s output through power amplification processing of a
distortion compensation signal output from the distortion
compensation signal generation unit, and based on the distor-
tion compensation signal; a memory that stores the distortion
compensation signal corresponding to a transmission signal
having a given power value and the feedback signal of the
power amplification output as restraint mformation; and a
control unit that performs control so that, in accordance with
the power value of the transmission signal, restraint informa-
tion corresponding to a power value different from the power
value of the transmission signal 1s read and used for updating

the series operation coellicients.
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DISTORTION COMPENSATION APPARATUS
AND METHOD

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2009-
47911, filed on Mar. 2, 2009, the entire contents of which are

incorporated herein by reference.

FIELD

Embodiments of the present invention relate to a predis-
tortion-based distortion compensation techmque that, 1n digi-
tal wireless communication, digitally processes in advance a
signal input to a transmission amplifier and suppresses non-
linear distortion of the transmission amplifier output.

BACKGROUND

In general, high efficiency transmission amplifiers used for
wireless transmission apparatuses of mobile communications
stations and the like have highly nonlinear characteristics.
Hence, when a modulated signal for high-speed wireless
communication 1s transmitted, such nonlinear distortion in
transmission amplifiers causes out-of-band radiation power
to be generated, influencing neighboring transmission chan-
nels.

In a typical transmission amplifier, the output becomes
saturated with an increase 1n the input power, making 1t dif-
ficult to output a signal which 1s directly proportional to the
input signal (refer to 1401 and 1402 illustrated 1in FIG. 14).
Such a nonlinear characteristic of a transmission amplifier
causes an unnecessary spectrum to be radiated outside of a
signal band, for an mput to the amplifier. This out-of-band
radiation power causes the characteristics of other systems
using the frequencies outside of the band to be degraded. In
addition, an unnecessary spectrum 1is also radiated within the
signal band. This causes the degradation in the characteristic
of the signal 1tself.

Furthermore, since many of the recent digital modulation
methods employ linear modulation, an amplifier having a
nonlinear characteristic as described above 1s operated 1n a
linear region which has low power etficiency so as to perform
linear amplification.

As a method of suppressing out-of-band radiation caused
by an amplifier, a predistortion technique 1s known 1n which
the mverse characteristic of the amplifier 1s added 1n advance
to an mnput signal to be mput to the amplifier to compensate
for the nonlinear distortion of the amplifier. This technique
cancels distortion by distorting a signal 1n advance using a
compensation signal generated based on the characteristic of
the amplifier and then passing the signal through the ampli-
fier. This allows the output signal of a transmission amplifier
to have linearity (1401 illustrated 1n FIG. 14).

Furthermore, by using an adaptive predistortion method in
which adaptive distortion compensation 1s performed by
teedback of the output of an amplifier, optimal compensation
1s realized for the characteristic of the amplifier which varies
among the individual differences of devices and varies with
frequency, operation temperature, or the like.

FI1G. 11 1s a configuration diagram of an existing distortion
compensation apparatus that uses an adaptive predistortion
technique.

10

15

20

25

30

35

40

45

50

55

60

65

2

A predistortion signal generation unit 1102 within a dis-
tortion compensation unit 1101 adds, to a transmission signal,
a compensation signal having the inverse characteristic of a
transmission amplifier.

The output of the predistortion signal generation unit 1102,
alter being converted into an analog signal by a D/ A converter
(not illustrated), 1s upconverted by an orthogonal modulator
1107 to a carrier frequency using a signal output from a local

oscillator 1108.

The modulator output signal 1s amplified by a power ampli-
fier 1109 which 1s a transmission amplifier, and the output
thereof 1s transmitted from a transmission antenna (not 1llus-
trated), via a coupler 1110. The output of the power amplifier
1109 1s fed back from the coupler 1110 to the mput side.

In other words, the output of the coupler 1110 1s downcon-
verted by a downconverter 1111 using a signal output from a
local oscillator 1112. The output of the downconverter 1111 1s
passed through a filter 1113 and converted back into a digital
signal by an A/D converter (not 1llustrated).

The resultant obtained feedback signal 1s input to an adap-
tive control unit 1103 that includes a predistortion signal
generation unit 1104, an error computation unit 1105, and a
coellicient updating unit 1106.

In the adaptive control unit 1103, the predistortion signal
generation unit 1104 having the same configuration as the
predistortion signal generation unit 1102 adds a signal for
compensating for the nonlinear distortion characteristic of the
transmission amplifier to the feedback signal.

The error computation unit 1105 computes the difference
between the output of the predistortion signal generation unit
1102 and the output of the predistortion signal generation unit
1104, and outputs the diflerence as an error.

The coellicient updating unit 1106 updates the series
operation coelficients to be set 1n the predistortion signal
generation units 1102 and 1104 based on a convergence algo-
rithm such as a least mean square (LMS) operation or the like
so as to minimize the error signal output from the error com-
putation umt 1105.

In this manner, the series operation coetlicients are gradu-
ally made to converge to appropriate values, and the predis-
tortion signal generation unit 1102 performs distortion com-
pensation on an input signal x using these series operation
coellicients having converged to the appropriate values. This
allows the nonlinear characteristic of an analog circuit to be
suppressed with high precision 1n a steady state, while main-
taining power elliciency. Even when the nonlinear distortion
characteristic changes due to the influence of temperature or
frequency, the series operation coellicients are updated by the
coellicient updating unit 1106 using the feedback signal so as
to compensate for that change, thereby allowing a change in
the characteristic to be dynamically compensated {for.

As a method of distortion compensation used 1n the pre-
distortion signal generation units 1102 and 1104, a predistor-
tion method using a power series has been hitherto proposed.
This 1s a method 1n which a compensation operation 1s per-
formed by a series operation on a transmission signal x(t), as
illustrated in FI1G. 12.

A plurality of power operation units 1201 compute the
powers of respective orders, such as the first power (X'),
second power (X*), third power (X°), . . ., and n-th power
(X™), for the transmission signal x(t).

A plurality of coelficient multiplication units 1202 multi-
ply the computation results of respective orders by corre-
sponding series operation coellicients.

The outputs of the coetficient multiplication units 1202 are
added together by an addition unit 1203 so as to constitute a
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predistortion signal y(t), which 1s output by the predistortion
signal generation unit 1102 or 1104.

The above-described power operation 1s executed, 1n digi-
tal signal processing, as arithmetic processing expressed by
Equation (1) described below.

(1)

301 1 1 11
Renhenh e wn
yin) = 2 2 LLZ‘ E Pog1 (Ups boy ooy Dogyn)
k=0

=0 Iy=l] I3=ly l4=l3 l5=ly

K+l 2kt

]—I-’E(H — ;) ]_[ x‘(n—1;)

‘1 i=k+2

In Equation (1), x(n) denotes a transmission signal, h
denotes series operation coellicients, and y(n) denotes a pre-
distortion signal. Note that the above arithmetic processing 1s
actually performed as processing for a complex signal.

When the distortion compensation processing in the pre-
distortion signal generation units 1102 and 1104 1s performed
by a power series operation, as described above, the coetli-
cient updating unit 1106 1llustrated in FIG. 11 performs coet-
ficient updating processing as follows. That 1s, the coellicient
updating unit 1106 updates respective series operation coet-
ficients (correction factors) h used 1n the predistortion signal
generation units 1102 and 1104 such that the power series
operation optimally approximates the nonlinear distortion
amplification characteristic of the power amplifier 1109.

In this case, for the coellicient updating equations, such as
those illustrated in FIG. 13, that are configured by using the
error signal e(t) output from the error computation unit 1105,
the coetlicient updating unit 1106 updates respective series
operation coellicients h1 (1=1, 2, . . ., n), by executing a least
mean square (LMS) algorithm for minimizing the error signal
e(t). Here, u denotes a step size parameter, and x(t),
x*(1), ..., and x"(t) denote the respective outputs of the power
operation units 1201 illustrated 1n FIG. 12 within the predis-
tortion signal generation unit 1102 or 1104.

FIG. 14 1s a diagram 1llustrating the relationship between
the amplifier characteristic of the power amplifier 1109 and
the distortion compensation in the predistortion signal gen-
eration units 1102 and 1104, in the adaptive predistortion
method of the existing distortion compensation apparatus
using the above-described series operation.

The coellicient updating processing in the coelficient
updating unit 1106 illustrated 1n FIG. 11 1s performed so that
the output power of a transmission signal at the time of
updating each coelficient becomes optimum.

Referring to FIG. 14, 1t 1s assumed that the 1deal amplifier
characteristic of the power amplifier 1109 1s a linear charac-
teristic as denoted by 1401, and the actual amplifier charac-
teristic 1s a nonlinear characteristic as denoted by 1402. In
other words, regarding the amplifier characteristic 1402,
there generally 1s a tendency for the amplification factor to
become lower than that in the case of the i1deal amplifier
characteristic 1401 1n a high-input-power range.

Here, the case 1s considered where the coetlicient updating,
operation 1s performed when the input power (Ave-Peak) of a
transmission signal 1s high, as 1llustrated as a range 1406 in
FIG. 14. The distortion compensation curve corresponding to
the power series operation using the respective operation

coellicients obtained by this coeltlicient updating operation
illustrates, for example, a characteristic denoted by 1403.
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4

This characteristic 1s represented by a curve that optimally
compensates for the amplifier characteristic 1402 1n the high-

input-power range 1406.

On the other hand, the case 1s considered where the coet-
ficient updating operation 1s performed when the input power
(Ave-Peak) of a transmission signal 1s low, as 1llustrated as a
range 1407. The distortion compensation curve correspond-
ing to the power series operation using the respective opera-
tion coellicients obtained by this coeltlicient updating opera-
tion 1llustrates, for example, a characteristic denoted by 1404-
1. This characteristic 1s an inverse characteristic that
optimally compensates for the amplifier characteristic 1402
in the low-1nput-power range 1407.

Here, the case 1s considered where 1n a state 1n which the
system 1s operating 1n the range 1406 1n which the input signal
power 1s high, a transmission signal having an input power in
a range lower than the average power (Ave) of the range 1406
1s input. In such a range, since the compensation curve 1403
at the time of high power 1s not significantly different from the
compensation curve 1404-1 at the time of low power, the
distortion compensation characteristic added to the transmis-
s1on signal by the predistortion signal generation unit 1102 1s
close to optimal.

Conversely, the case 1s considered where 1n a state 1n which
the system 1s operating in the range 1407 1n which the input
signal power 1s low, a transmission signal having an input
power higher than the range 1407 1s unexpectedly input. In
the range 1407, the coellicient updating unit 1106 (FI1G. 11)
performs the coellicient updating processing without assum-
ing a power higher than the range 1407. Hence, the compen-
sation characteristic 1n the input power range 14035 higher
than the peak power of the range 1407, 1s very likely to largely
deviate from the inverse characteristic of the amplifier char-
acteristic 1402, as 1llustrated by a compensation curve 1404-2
in FI1G. 14. Consequently, 1n such a state, the distortion com-
pensation characteristic added to a transmission signal
becomes far from the optimal characteristic, thereby causing
a high distortion power to be generated 1n the output of the
power amplifier 1109, which causes the out-of-band radiation
power characteristics to be degraded.

Thus, when a low-power transmission signal suddenly
changes to a high-power transmission signal due to a power
change, the existing technique does not allow distortion to be
optimally canceled by using the series operation coelficients
which have been generated up to that time.

SUMMARY

According to an aspect of the embodiments discussed
herein, a distortion compensation apparatus includes a distor-
tion compensation signal generation unit that performs, on a
transmission signal, distortion compensation processing
using a series operation; a coelficient updating unit that
updates a group of series operation coellicients used for the
series operation based on a feedback signal of a power ampli-
fication output which 1s output through power amplification
processing of a distortion compensation signal output from
the distortion compensation signal generation unit, and based
on the distortion compensation signal; a memory that stores
the distortion compensation signal corresponding to a trans-
mission signal having a given power value and the feedback
signal of the power amplification output as restraint informa-
tion; and a control unit that performs control so that, 1n accor-
dance with the power value of the transmission signal, spe-
cific restraint information corresponding to a power value
different from the power value of the transmission signal 1s
read from the memory and the specific restraint information 1s
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used for updating the group of series operation coellicients
performed by the coellicient updating unit.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-

plary and explanatory and are not restrictive of the embodi-
ments, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a configuration diagram of a distortion compen-
sation apparatus according to a first embodiment that uses a
predistortion method using a power series.

FIG. 2 1s an explanatory diagram (1) of the first embodi-
ment.

FIG. 3 1s an explanatory diagram (2) of the first embodi-
ment.

FIG. 4 1s an explanatory diagram (3) of the first embodi-
ment.

FIG. 5 1s a flowchart of a coelficient updating operation
periodically performed by the coellicient updating unit in
FIG. 1 according to the first embodiment.

FIG. 6 1s a diagram for explaining the coelficient updating,
operation periodically performed by the coeflficient updating
unit in FIG. 1 according to the first embodiment

FIG. 7 1s a configuration diagram of a distortion compen-
sation apparatus according to a second embodiment that uses
a predistortion method using a power series.

FIG. 8 1s a flowchart of a coellicient updating operation
periodically performed by the coellicient updating unit in
FIG. 7 according to the second embodiment.

FI1G. 9 1s a diagram for explaining the coefficient updating,
operation periodically performed by the coetlicient updating
unit in FIG. 7 according to the second embodiment.

FI1G. 10 1s a configuration diagram of a distortion compen-
sation apparatus according to a third embodiment that uses a
predistortion method using a power series.

FIG. 11 1s a configuration diagram of an existing distortion
compensation apparatus that uses an adaptive predistortion
technique.

FI1G. 12 15 an explanatory diagram of a predistortion com-
pensation method using a power series.

FIG. 13 1s a diagram explaining processing for updating
series operation coelficients.

FIG. 14 1s a diagram explaining 1ssues of the existing
technique.

DESCRIPTION OF EMBODIMENTS

FI1G. 1 1s a configuration diagram of a distortion compen-
sation apparatus that uses a predistortion method using a
power series, according to a first embodiment.

A distortion compensation unit 101 includes predistortion
signal generation units 102 and 103, an error computation
unit 104, a coeflicient updating unit 105, a data switching,
control unit 106, a power conversion unit 107, selectors 108
and 109, memornies 110 and 111, and a data storage control
unit 112.

The predistortion signal generation unit 102 within the
distortion compensation unit 101 adds, to a transmission sig-
nal, a compensation signal having the inverse characteristic of
a transmission amplifier, and outputs a distortion compensa-
tion signal (predistortion signal).

The predistortion signal output from the predistortion sig-
nal generation unit 102, after being converted into an analog,
signal by a D/A converter (not illustrated), 1s upconverted by
an orthogonal modulator 113 to a carrier frequency using a
signal output from a local oscillator 114.
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The modulator output signal 1s amplified by a power ampli-
fier 115 which 1s a transmission amplifier, and the output
thereol (power amplification output) 1s supplied via a coupler
116 to a transmission antenna (not illustrated ) and transmatted
therefrom.

The output of the power amplifier 115 1s also fed back via
the coupler 116 to the mput side.

The output of the coupler 116 1s downconverted by a down-
converter 117 using a signal output from a local oscillator
118. The output of the downconverter 117 1s passed through
a filter 119 and converted back 1nto a digital signal by an A/D
converter (not 1llustrated).

The resultant obtained feedback signal 1s 1input to the pre-
distortion signal generation unit 103 via the selector 108.

The predistortion signal generation unit 103, having the
same configuration as the predistortion signal generation unit
102, adds a compensation signal having the mverse charac-
teristic of the nonlinear distortion characteristic of the trans-
mission amplifier to the feedback signal having been con-
verted to a digital signal or a signal output from the memory
110, 1mput via the selector 108. In this manner, the second
distortion compensation signal 1s output.

The error computation unit 104 computes the difference
between the distortion compensation signal from the predis-
tortion signal generation unit 102 or the distortion compen-
sation signal from the memory 111 mput via the selector 109
and the predistortion signal from the predistortion signal gen-
eration unit 103, and outputs the computed difference as an
CITOr.

The coellicient updating unit 105 updates a group of series
operation coelficients to be set 1n the predistortion signal
generation units 102 and 103 based on a least mean square
(LMS) operation so as to reduce the error signal output from
the error computation unit 104.

The predistortion signal generation units 102 and 103 use a
predistortion-based distortion compensation method using a
power series. This 1s the same method as the previously
described method 1llustrated 1n FIGS. 12 and 13.

In the coefficient updating umt 103, the series operation
coellicients are gradually made to converge to appropriate
values, and the predistortion signal generation unmits 102 and
103 perform distortion compensation on an input signal using,
the group of the series operation coellicients that have been
converged to the approprate values.

The power conversion unit 107 detects the input power of
a transmission signal.

When the range, of the transmission signal iput power,
that 1s, the range from the average power to the peak power,
detected by the power conversion unit 107 falls within a given
low-power range, the data switching control unit 106 per-
forms the following control operation. In a first given period
of the coelficient updating processing, the data switching
control unit 106 causes the selector 108 to select and output
the feedback signal having been converted back into a digital
signal, and causes the selector 109 to select and output the
distortion compensation signal output by the predistortion
signal generation unit 102. In a second given period of the
coellicient updating processing, the data switching control
unit 106 causes the selector 108 to read, select, and output the
feedback signal stored in the memory 110, and causes the
selector 109 to read, select, and output the distortion compen-
sation signal stored in the memory 111.

Hence, 1n the first given period of the coefficient updating,
processing, the coellicient updating unit 105 performs a coet-
ficient updating operation based on the predistortion signal
generated from the feedback signal and the distortion com-
pensation signal output by the predistortion signal generation
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unit 102. In the second given period of the coellicient updat-
ing processing, the coetficient updating unit 105 performs the
coellicient updating operation based on the feedback signal
stored 1n the memory 110 and the distortion compensation
signal stored 1in the memory 111.

The data storage control unit 112 causes the memory 110 to
selectively store a feedback signal and, 1n correspondence
with this feedback signal, causes the memory 111 to store the
distortion compensation signal output from the predistortion
signal generation unit 102 1n the memory 111.

The operation of the first embodiment of the distortion

compensation apparatus having the configuration illustrated
in FIG. 1 will be described below.

Referring to FIG. 2, 1t 1s assumed that an 1deal amplifier
characteristic of the power amplifier 115 1s a linear charac-
teristic denoted by 201, and the actual amplifier characteristic
1s a nonlinear characteristic denoted by 202.

Here, the case 1s considered where the coelficient updating
operation 1s performed by the coeflicient updating unit 105
when the mput power (Ave-Peak) of a transmission signal 1s
high, which 1s illustrated as a range 204 in FIG. 2. The
distortion compensation curve corresponding to the power
series operation using the respective operation coellicients
obtained by this coetlicient updating operation illustrates, for
example, a characteristic denoted by 203. This characteristic
1s the mverse characteristic that optimally compensates for
the amplifier characteristic 202 in the high-input-power range
204, and 1s capable of significantly compensating for the
nonlinear amplifier characteristic, particularly in the high-
Input-power region.

In the first embodiment, referring to FIG. 3, information
stored as restraint information 302 in the memories 110 and
111 1s used for information corresponding to a power above a
low-1nput-power range 301 (Ave-Peak) of the transmission
signal. The restraint information 302 1s made up of a feedback
signal of the power amplification output and a distortion
compensation signal output from the predistortion signal gen-
eration unit 102 corresponding to the feedback signal. These
signals are respectively stored in the memory 110 and the
memory 111 by the data storage control unit 112. In the first
embodiment, this storing operation 1s, for example, per-
formed during a test process at the time of shipment from a
factory. The restraint information 302 1s a combination of the
teedback signal and the distortion compensation signal which
allows generation of a distortion compensation characteristic
capable of compensating for a nonlinear amplifier character-
1stic 202 with high precision 1n a range where the input power
1s high.

When the range of the transmission signal input power, that
1s, the range from the average power to the peak power,
detected by the power conversion unit 107 falls within a
low-mnput-power range denoted by 301 1n FIG. 4, the data
switching control unit 106 performs the following control
operation.

That 1s, 1n the first given period of the coellicient updating,
processing, the data switching control unit 106 causes the
selector 108 to select and output the feedback signal, and
causes the selector 109 to select and output the distortion
compensation signal output by the predistortion signal gen-
eration unit 102. Hence, the coellicient updating unit 1035
performs a coelflicient updating operation based on the pre-
distortion signal generated by passing the feedback signal
through the predistortion signal generation unit 103 and the
distortion compensation signal output by the predistortion
signal generation unit 102. By using the group of series opera-
tion coellicients updated by this coeltficient updating opera-
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tion, a low-power-time compensation curve 401 allowing for
preferable distortion compensation in the low-power range
301 1s realized.

In the second given period of the coellicient updating pro-
cessing, the data switching control unit 106 causes the selec-
tor 108 to read, select, and output the feedback signal stored
in the memory 110, and causes the selector 109 to read, select,
and output the distortion compensation signal stored 1n the
memory 111. Hence, in the second given period of the coet-
ficient updating processing, the coelficient updating unit 105
performs a coelficient updating operation based on the pre-
distortion signal generated from the feedback signal stored 1n
the memory 110 and the distortion compensation signal
stored 1n the memory 111. By using the group of series
operation coellicients updated by this coeflicient updating
operation, a low-power-time compensation curve 402 allow-
ing for preferable distortion compensation not only 1n the
low-power range 301 but also 1n the high-power range beyond
the low-power range 301 1s realized.

In other words, 1n the state in which the system 1s operating
in the range 301 (FIG. 4) where the mput power of a trans-
mission signal 1s low, the case 1s considered where a trans-
mission signal having a high input power exceeding the peak
power (Peak) 1s suddenly input. Even in this case, the predis-
tortion signal generation unit 102 may perform distortion
compensation by using the group of series operation coelfi-
cients that realizes both the compensation curves 401 and
402.

FIG. 5 1s a flowchart of a coellicient updating operation
periodically performed by the coetlicient updating unit 105 in
FIG. 1 according to the first embodiment, and FIG. 6 1s a
diagram for explaining the operation.

The coellicient updating unit 105 determines the level of
the power of a transmission signal by monitoring the output of
the power conversion unit 107 (step S501).

When 1t 1s determined 1n step S501 that the power of the
transmission signal 1s lower than a given value, the coelficient
updating unit 1035 performs processing for updating series
operation coetlicients using an LMS algorithm or the like
(step S503).

Then, the coetficient updating unit 105 determines whether
or not a coelficient updating period 603 in FIG. 6, for
example, has been exceeded (step S504).

When the coetlicient updating period 603 has not been
exceeded, the control goes back to the processing of step
S501, and the coetlicient updating unit 105 continues the
coellicient updating processing. The coellicient updating
period 603 corresponds to the first given period 1n the coet-
ficient updating processing described above.

When 1t 1s determined 1n step S501 that the power of the
transmission signal 1s equal to or higher than a given value,
the coetlicient updating unit 105 further determines whether
or not momentary high power 1s being generated (step S502).
In other words, the coelilicient updating unit 105 determines
whether the current state of the transmission signal 1s a high-
power mput state as 1llustrated as the range 204 in F1G. 2 or a
low-power 1input state as 1llustrated as the range 301 1n F1G. 4.
That 1s, the coellicient updating unit 1035 determines whether
a transmission signal 601 1s within a range 602 or below the
range 602, as 1llustrated 1n FIG. 6.

The coetficient updating unit 105 performs processing for
updating series operation coelficients using an LMS algo-
rithm or the like (step S503). When the coelficient updating
period 603 1n FIG. 6, for example, has not been exceeded, the
control goes back to the processing of step S501, and the
coellicient updating unit 105 continues the coetlicient updat-
Ing processing.
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When the processing enters a period 604 beyond the coel-
ficient updating period 603 1n FIG. 6, the coelficient updating
unit 105 determines whether the coellicient updating has been
performed when a transmission signal 1s in the high-power
input state or low-power input state based on the determina-

tion result 1n step S502 (steps S504—=S503). The period 604

corresponds to the above-described second given period 1n
the coellicient updating processing.

In the case where the coelficient updating processing has
been performed when a transmission signal 1s in the high-
power 1put state, the coellicient updating unit 105 ends the
coellicient updating processing.

In the case where the coelficient updating processing has
been performed when a transmission signal 1s 1 the low-
power-input state, the coellicient updating unit 105 performs
processing indicated by the period 604 in FIG. 6. In other
words, 1n the period 604, as described above, the data switch-
ing control unit 106 causes the selector 108 to read, select, and
output the feedback signal stored in the memory 110, and
causes the selector 109 to read, select, and output the distor-
tion compensation signal stored in the memory 111. Hence,
the predistortion signal generation unit 103 generates a dis-
tortion compensation signal corresponding to the feedback
signal of the high-power range read from the memory 110 and
inputs the signal to the error computation unit 104. Also the
distortion compensation signal 1s input to the error computa-
tion unit 104, the distortion compensation signal being read
from the memory 111 and corresponding to the feedback
signal of the above high-power range generated by the pre-
distortion signal generation unit 102. As a result, the error
computation unit 104 outputs the error signal of the distortion
compensation signal i the high-power region. The coelll-
cient updating unit 105 updates the coeltlicients using this
error signal (step S506)

After that, the coelficient updating unit 105 ends the coel-
ficient updating processing.

Based on the above control operation, the coelficient
updating unit 105 may perform the coelficient updating
operation corresponding to the time of high-power output as
well as the coeflicient updating operation corresponding to
the time of low-power output. Hence, even when a high-
power transmission signal 1s input at the time of low-power
output due to a variation in power, a group of series operation
coellicients that may desirably cancel or reduce the nonlinear
distortion in power amplification 1s generated.

FIG. 7 1s a configuration diagram of a distortion compen-
sation apparatus according to a second embodiment that uses
a predistortion method using a power series. Components
performing the same processing as in the first embodiment
illustrated in FI1G. 1 are denoted by the same reference numer-
als as those i FIG. 1.

Unlike the configuration illustrated 1in FIG. 1, the configu-
ration illustrated in FIG. 7 1s provided with an out-of-band
radiation power measurement unit 701 for measuring out-oi-
band radiation power of a feedback signal. In the first embodi-
ment, the data storage control unit 112 stores restraint infor-
mation i1n the memories 110 and 111 only at the time of
shipment from a factory. However, 1n the second embodi-
ment, the data storage control unit 112 may update the
restraint information in the memories 110 and 111 when the
power conversion unit 107 has detected input of a igh-power
transmission signal and the out-oi-band radiation power mea-
surement unit 701 has measured an out-of-band radiation
power equal to or lower than a given value.

FIG. 8 1s a flowchart of a coellicient updating operation
periodically performed by the coetlicient updating unit 105 in
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FIG. 7 according to the second embodiment, and FIG. 9 1s a
diagram for explaiming the operation.

The coellicient updating unit 105 determines the level of
the power of a transmission signal by monitoring the output of
the power conversion unit 107 (step S801).

When 1t 1s determined 1n step S801 that the power of the
transmission signal 1s lower than a given value, the coelficient
updating unit 105 performs processing for updating series
operation coetlicients using an LMS algorithm or the like
(step S804).

Then, the coelficient updating unit 105 determines whether
or not a coelficient updating period denoted by 903 1n FIG. 9,
for example, has been exceeded (step S805).

When the coetlicient updating period 903 has not been
exceeded, the control goes back to the processing of step
S801, and the coelficient updating unit 105 continues the
coellicient updating processing. The coellicient updating
period 903 corresponds to the first given period 1n the coet-
ficient updating processing described 1n the above-described
first embodiment.

When 1t 1s determined 1n step S801 that the power of the
transmission signal 1s equal to or higher than a given value,
the coellicient updating unit 105 further determines the level
ol an out-of-band radiation power measured by the out-oi-
band radiation power measurement unit 701.

When 1t 1s determined that the out-of-band radiation power
1s equal to or higher than a given value, the coeflicient updat-
ing unit 105 pertforms the above-described coellicient updat-
ing processing of step S804.

When 1t 1s determined that the out-of-band radiation power
1s lower than a given value, the coelficient updating unmit 105
1ssues an instruction to the data storage control unit 112 to
update the restraint information, judging that a high precision
distortion compensation signal is being obtained (step S803).
Hence, the data storage control unit 112 stores the feedback
signal 1n the memory 110 and the corresponding distortion
compensation signal output from the predistortion signal gen-
eration unit 102 in the memory 111. In this manner, the
restraint information in the memories 110 and 111 1s updated.

After that the coetlicient updating unit 105 performs the
above-described coellicient updating processing of step
S804.

In this manner, the restraint information 1s updated by the
data storage control umt 112 so as to correspond to the latest
state of the system, whereby the system may deal with, for
example, the long-term change 1n the distortion compensa-
tion characteristic during the high power period.

When the processing enters a period 904 beyond the coet-
ficient updating period 903 1n FIG. 9, the coelficient updating
unit 105 determines whether the coellicient updating has been
performed when a transmission signal 1s 1n the high-power
input state or low-power imnput state based on the output of the
power conversion unit 107 (steps S803 to S806). The period
904 corresponds to the second given period 1n the coelficient
updating processing described 1n the first embodiment.

In the case where the coetlicient updating processing has
been performed when a transmission signal in the high-power
input state, the coellicient updating unit 105 ends the coetli-
cient updating processing.

In the case where the coeflicient updating processing has
been performed when a transmission signal 1s 1n the low-
power 1nput state, the coellicient updating unit 105 performs
processing indicated by the period 904 in FIG. 9. In other
words, 1n the period 904, as described in the first embodiment,
the data switching control unit 106 causes the selector 108 to
read, select, and output the feedback signal stored in the
memory 110, and causes the selector 109 to read, select, and
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output the distortion compensation signal stored in the
memory 111. Hence, the predistortion signal generation unit
103 generates a distortion compensation signal correspond-
ing to the feedback signal of the high-power range read from
the memory 110 and inputs the s1gnal to the error computation
unit 104. Also the distortion compensation signal 1s input to
the error computation unit 104, the distortion compensation
signal being read from the memory 111 and corresponding to
the feedback signal of the above high-power range generated
by the predistortion signal generation unit 102. As aresult, the
error computation unit 104 outputs the error signal of the
distortion compensation signal in the high-power region. The
coellicient updating unit 105 updates the coelficients using
this error signal (step S807)

After that, the coellicient updating unit 105 ends the coel-

ficient updating processing.

Based on the above control operation, the second embodi-
ment, 1n addition to the advantage in the first embodiment,
allows the restraint information for high-power transmission
that becomes a reference at the time of low-power transmis-
s10n to be appropriately updated.

In the above-described second embodiment, as illustrated
in FIG. 9, when the power of a transmission signal 901
exceeds a given value and the out-of-band radiation power 1s
low, the following configuration may be employed. That s, as
illustrated by reference numeral 902 1n FIG. 9, the power
range 1s divided into a plurality of subranges, and the restraint
information (feedback signal and distortion compensation
signal) 1s stored 1n the memories 110 and 111 individually for
cach subrange. In this case, the data switching control unit
106 causes the selector 109 and the memory 110 to select and
output restraint mformation corresponding to the current
power subranges.

FI1G. 10 1s a configuration diagram of a distortion compen-
sation apparatus according to a third embodiment that uses a
predistortion method using a power series. Components per-
forming the same processing as 1n the first embodiment 11lus-
trated 1n FI1G. 1 are denoted by the same reference numerals as
those 1n FIG. 1.

Unlike the configuration illustrated in FIG. 1, the configu-
ration 1llustrated 1n FIG. 10 1s provided with an error power
measurement unit 1001 for measuring the power of an error
signal output from the error computation unit 104. In the
second embodiment described above, the data storage control
unit 112 updates the restraint information in the memories
110 and 111 when the power conversion unit 107 has detected
input of a high-power transmission signal and the out-of-band
radiation power measurement unit 701 has measured an out-
of-band radiation power equal to or lower than a given value.
However, 1n the third embodiment, the data storage control
unit 112 updates the restraint information in the memories
110 and 111 when the power conversion unit 107 has detected
input of a high-power transmission signal and the error power
measurement unit 1001 has measured an error power equal to
or lower than a given value.

In other words, the third embodiment has a configuration in
which the out-of-band radiation power measurement unit 701
in the second embodiment 1s replaced with the error power
measurement umt 1001.

The operation of the third embodiment 1s the same as that
of the second embodiment except that the out-oi-band radia-
tion power measurement unit 701 1s replaced with the error
power measurement unit 1001. In this case, the configuration
of the error power measurement unit 1001 may be made
simpler than that of the out-of-band radiation power measure-
ment unit 701.
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According to the above-described embodiments, the coet-
ficient updating unit 103 1s not only capable of performing a
coellicient updating operation at the time of a low-power
output but also capable of performing a coellicient updating
operation corresponding to the time of a high-power output,
and hence, 1s capable of generating a group of series operation
coellicients that may cancel the nonlinear distortion of a
power amplifier even when a high-power transmission signal
1s input due to a variation 1n power during a low-power output.
This allows an out-of-band radiation power to be suppressed
within specification.

Hence, according to the above-described embodiments,
the nonlinear distortion of a power amplifier may be cancelled
or suppressed even when a low-power operation changes to a
high-power operation due to a variation in power.

The above-described embodiments may be used for digital
wireless transmission equipment and the like 1n digital wire-
less communications stations and the like.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the mvention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a illustrating of the superiority and
inferiority of the invention. Although the embodiment(s) of
the present inventions have been described 1n detail, 1t should
be understood that the various changes, substitutions, and
alterations could be made hereto without departing from the
spirit and scope of the invention.

What 1s claimed 1s:

1. A distortion compensation apparatus comprising;

a distortion compensation signal generation umit that per-
forms, on a transmission signal, distortion compensa-
tion processing using a series operation;

a coellicient updating unit that updates a group of series
operation coellicients used for the series operation,
based on a feedback signal of a power amplification
output which 1s output through power amplification pro-
cessing of a distortion compensation signal output from
the distortion compensation signal generation unit, and
based on the distortion compensation signal;

a memory that stores the distortion compensation signal
corresponding to a transmission signal having a given
power value and the feedback signal of the power ampli-
fication output, as restraint information; and

a control unit that performs control so that, in accordance
with the power value of the transmission signal, specific
restraint information corresponding to a power value
different from the power value of the transmission signal
1s read from the memory, and the specific restraint infor-
mation 1s used for updating the group of series operation
coellicients performed by the coelficient updating unat.

2. The distortion compensation apparatus according to
claim 1, further comprising:

a second distortion compensation signal generation unit
that 1s different from the distortion compensation signal
generation unit and performs, on the feedback signal of
the power amplification output, the distortion compen-
sation processing using the series operation; and

an error computation unit that computes an error between a
second distortion compensation signal output from the
second distortion compensation signal generation unit
and the distortion compensation signal output from the
distortion compensation signal generation unit,

wherein the coellicient updating unit, 1n accordance with
the error output from the error computation unit, updates
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respective groups ol series operation coellicients used
for the distortion compensation signal generation unit
and the second distortion compensation signal genera-
tion unit, and

wherein the control unit, 1n accordance with the power

value of the transmission signal, causes the coelficient
updating unit to operate so that restraint information
corresponding to a power value different from the power
value of the transmission signal 1s read and a feedback
signal included in the restraint information 1s input to the
second distortion compensation signal generation unit, a
distortion compensation signal included 1n the restraint
information 1s iput to the error computation unit, and
the coellicient updating unit operates based on a result-
ant error output from the error computation unit.

3. The distortion compensation apparatus according to
claim 1,

wherein the memory stores, as the restraint information,

the distortion compensation signal and the feedback sig-
nal of the power amplification output corresponding to a
period when the power value of the transmission signal
1s equal to or higher than a given value, and

wherein the control unit reads the restraint information

from the memory and provides the restraint information
to the coetlicient updating unit when the power value of
the transmission signal 1s lower than the given value.

4. The distortion compensation apparatus according to
claim 1,

wherein, for each of a given number of power subranges

into which a power range of the transmission signal has
been divided, the memory stores, as the restraint infor-
mation, the distortion compensation signal and the feed-
back signal of the power amplification output corre-
sponding to a period when the power value of the
transmission signal falls within the respective sub-
ranges, and

wherein the control unit reads the restraint information 1n

the respective power subranges equal to or higher than
the given value from the memory and provides the
restraint information to the coellicient updating unit,
when the power value of the transmission signal 1s lower
than the given value.

5. The distortion compensation apparatus according to
claim 1, further comprising a restraint information updating
unit that updates the restraint information in the memory
when an out-of-band power value of the power amplification
output 1s lower than a given value, or when an error between
a second distortion compensation signal generated from the
teedback signal of the power amplification output and the
distortion compensation signal 1s less than a given value.

6. A distortion compensation method comprising:

performing, on a transmission signal, distortion compen-

sation processing using a series operation;

updating a group of series operation coellicients used for

the series operation based on a feedback signal of a
power amplification signal which 1s output through
power amplification processing performed on a distor-
tion compensation signal output which 1s output by the
distortion compensation processing, and based on the
distortion compensation signal;

storing, 1 a memory, the distortion compensation signal

corresponding to a transmission signal having a given
power value and the feedback signal of the power ampli-
fication signal, as restraint information; and
performing restraint information control so that, 1n accor-
dance with the power value of the transmission signal,
specific restraint information corresponding to a power
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value different from the power value of the transmission
signal 1s read from the stored restraint information, and
the specific restraint information 1s used for updating the
group ol series operation coellicients.

7. The distortion compensation method according to claim
6, turther comprising;:

performing, on the feedback signal of the power amplifi-

cation output, second distortion compensation process-
ing different from the distortion compensation process-
ing, using the series operation; and
computing an error between a second distortion compen-
sation signal output from the second distortion compen-
sation processing and the distortion compensation sig-
nal output from the distortion compensation processing,

wherein the updating of a group of series operation coet-
ficients, 1n accordance with the error output from the
error computation, includes updating the groups of
series operation coellicients used for the series operation
in the distortion compensation processing and the sec-
ond distortion compensation processing, and

wherein the restraint information control, in accordance

with the power value of the transmission signal, includes
causing reading of the restraint information correspond-
ing to a power value different from the power value of
the transmission signal from the memory, using a feed-
back signal included 1n the restraint information 1n the
second distortion compensation processing, using a dis-
tortion compensation signal included in the restraint
information in the error computation, and updating the
groups of series operation coellicients based on a result-
ant error output from the error computation.

8. The distortion compensation method according to claim
6,

wherein the storing of the restraint information includes

storing, as the restraint information, the distortion com-
pensation signal and the feedback signal of the power
amplification output corresponding to a period when the
power value of the transmission signal 1s equal to or
higher than a given value, and

wherein the restraint information control includes reading

the restraint information from the memory and provid-
ing the restraint information to the coetlicient updating
when the power value of the transmission signal 1s lower
than the given value.

9. The distortion compensation apparatus according to
claim 6,

wherein the storing of the restraint information includes

storing, for each of a given number of power subranges
into which a power range of the transmaission signal has
been divided, the distortion compensation signal and the
teedback signal of the power amplification output cor-
responding to a period when the power value of the
transmission signal falls within the respective sub-
ranges, as the restraint information, and

wherein the restraint information control includes reading

the restraint information in the respective subranges
equal to or higher than a given level from the memory
and providing the restraint information to the coetficient
updating when the power value of the transmission sig-
nal 1s lower than the given value.

10. The distortion compensation method according to
claim 6, wherein the restraint information 1n the memory 1s
updated when an out-of-band power value of the power
amplification output 1s lower than a given value, or when an
error between a second distortion compensation signal gen-




US 8,571,495 B2
15

erated from the feedback signal of the power amplification
output and the distortion compensation signal 1s less than a
grven value.
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